Attorney Docket No. 16869P-099000US 
Client Ref. No. 340201245US01 



PATENT APPLICATION 



METHOD AND APPARATUS FOR ANALYZING 
COMPOSITION OF DEFECTS 



Inventors: Kenji OBARA 

Citizenship: Japan 

Yuji TAKAGI 

Citizenship: Japan 

Hisae SHIBUYA 

Citizenship: Japan 

Naoki HOSOYA 

Citizenship: Japan 



Assignee: Hitachi, Ltd. 

6, Kanda Surugadai 4-chome 
Chiyoda-ku, Tokyo, Japan 
Incorporation: Japan 



Entity: Large 



TOWNSEND AND TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 941 1 1-3834 
(415)576-0200 



Title of the Invention 

METHOD AND APPARATUS FOR ANALYZING COMPOSITION OF DEFECTS 

Background of the Invention 

The present invention relates to a method and device that 
are mainly used in the production process of semiconductor 
electronic circuits and are for reviewing and analyzing, on 
the basis of inspection information, the composition of 
particles and defects generated on a semiconductor wafer. 

The production of semiconductor devices is configured 
by numerous processes. These can be broadly divided into a 
substrate step for creating transistor elements on a substrate 
and a wiring step for creating wirings that connect these 
elements. These steps are respectively configured by a 
combination of plural processes , such as a thin- film deposition 
process, a photolithography process, an etching process, an 
impurity doping process, a anneal process, a planarization 
process and a cleaning process. The number of such 
manufacturing steps can sometimes reach several hundreds of 
steps . 

When defects and particles are generated on a 
semiconductor wafer due to inadequacies or abnormalities in 
the production conditions of the manufacturing device, the 
probability that defects will be generated in the products 
becomes higher and results in lowering yield. Thus , inspections 
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such as particles inspection and pattern inspection are 
implemented for each main process , and observation is conducted 
to determine whether or not manufacturing has been conducted 
normally. Additionally, measures are administered to 
corresponding devices when abnormalities arise. In this case, 
because it is impossible to implement inspection of all wafers 
for each manufacturing process because of time and energy 
constraints, ordinarily inspections are implemented with 
respect to sampled lots and wafers per step comprising several 
processes (process group). 

Namely, as shown in Fig. 4, several of lots and wafers 
processed by a process group A comprising plural processes are 
sampled, and an inspection is conducted to determine whether 
or not the sampled lots and wafers are normal, i.e. , to determine 
whether or not occurrences of defects and particles are within 
a normal range . When everything is normal , the routine proceeds 
to a step comprising a next process group B. When everything 
is not normal, a detailed inspection of detected defects and 
particles is conducted. From the results of this inspection, 
the production device, such as a manufacturing device, that 
caused the defects and particles (i.e. , the problematic device) 
is identified from among the devices that executed the process 
group A, and a measure is devised with respect to the problematic 
device to ensure that defects and particles do not arise. 

The inspection device scans the wafer surface with a laser 
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to detect the presence of scattered light , or imports the shape 
of a pattern as an image and compares this with another image 
of the same pattern region, whereby information relating to 
the position and number of singularities can be obtained . Here , 
"singularities" refers to points outputted as points where 
abnormalities have been discovered by the inspection of the 
inspection device. Below, both particles and pattern defects 
will be referred to as defects. 

Monitoring to determine whether or not the production 
devices are normal is often conducted using the number and 
density of defects detected by the inspection device as a 
management index. When the number of defects exceeds a preset 
standard value, it is determined whether or not an abnormality 
has occurred in the production device. As shown in Fig. 5, 
changes in a wafer map , which are position information of defects 
obtained from the inspection device, are studied, the defects 
are magnified and imaged on the basis of the wafer map information 
using a review device such as an optical microscope or a scanning 
electron microscope (referred to below as an "SEM") , detailed 
information such as the size, shape and texture of the defects 
is obtained, a detailed inspection such as composition analysis 
or cross-sectional observation is conducted, and the production 
device in which the problem occurred and the nature of the problem 
are identified. Then, on the basis of the result of the 
inspection, a measure with respect to the production device 
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or process is conducted to prevent a drop in yield. 

In recent years, on the basis of inspection data from 
particles inspection devices and pattern inspection devices, 
review devices that include the function of automatically 
obtaining a magnified image of particles and defects (Automatic 
Defect Review; referred to below as "ADR") have been developed 
(e.g., see JP-A-2000-30652 ) . Methods that automatically 
classify acquired images (Automatic Defect Classification; 
referred to below as "ADC") are also known (e.g., see 
JP-A-8-21803) . 

Here, when composition analysis is implemented with 
respect to defects, it is necessary to reliably irradiate an 
energy beamf or analysis onto thedef ects . Although designation 
of the irradiation position of this beam is commonly conducted 
with human hands, it is preferable to conduct designation 
automatically when the number of defects is large because it 
requires time. Also, the amount of time necessary for 
composition analysis is usually long in comparison with the 
amount of time necessary for the review. For this reason, 
sometimes the target of the composition analysis is narrowed 
down when the number of defects is large. Because it requires 
time when this narrowing -down is also conducted by human hands, 
it is preferable to conduct narrowing -down automatically when 
the number of defects is large. 

With respect to this composition analysis, methods have 
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been proposed where analysis is executed in an SEM disposed 
with an energy dispersive X-ray spectrometer (referred to below 
as an "EDX" ) that obtains composition information by irradiating 
an electron beam towards detected defects and analyzing the 
energy of characteristic X-rays emitted from the defects (e.g. , 
see JP-A-8-148111 and JP-A-10-27833 ) . Also, methods for 
obtaining more detailed information from the observed target, 
e.g. , methods for obtaining a three-dimensional shape from an 
SEM image, are known (e.g., see JP-A-1- 143127 ) . 

In order to automatize composition analysis, it is 
necessary to control with high precision the positions of the 
defects and the irradiation position of the electron beam for 
analysis so that the electron beam hits the defects. However, 
error is included in the coordinates obtained from the inspection 
device . A stage of the SEM on which the defect analysis targets , 
such as wafers and lots, are placed is moved on the basis of 
these coordinates for the composition analysis, whereby error 
is included even if the defect positions are set to coincide 
with the irradiation position of the electron beam. Moreover, 
in addition to this, a setting error is also included in the 
stage position of the SEM (thus, defect positions). For this 
reason, it is difficult to reliably irradiate the electron beam 
on defects of a size close to the error dimension of the stage. 
In the conventional examples of each of the aforementioned patent 
publications, consideration is not given to highly precise and 
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efficient control methods that can reliably irradiate the 
electron beam on defects of this size. 

Also, conditions in which the composition of defects is 
analyzed by the state of the number of defects and steps (size 
of the defects, whether the defects are present on the surface 
or inside, etc,) or the material of surface films differ. 
However, in the aforementioned conventional examples, 
consideration is not given to such circumstances, and when 
composition analysis is automatically carried out, the same 
analysis conditions must be set even if there are changes in 
such circumstances. 

Summary of the Invention 

The present invention eliminates these problems and 
provides a method and device for analyzing the composition of 
defects that can observe defects and analyze the composition 
of the defects with high precision and high efficiency. 

That is, the present invention is a method of analyzing 
the composition of defects by irradiating an energy beam on 
a defect of a device , the method including the steps of : acquiring 
a position of a target defect of composition analysis of the 
device; setting an irradiation position of the energy beam to 
match the acquired position of the target defect of composition 
analysis by controlling the irradiation position of the energy 
beam at the device in a state where the device is positioned; 
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and irradiating the energy beam on the set irradiation position 
to acquire data for analyzing the composition of the target 
defect of composition analysis. 

The present invention is also a method of analyzing the 
composition of a target defect of composition analysis by using 
a defect, selected from defects to which processing for 
observation on a device has been effected, as a target of 
composition analysis and irradiating an energy beam on the target 
defect of composition analysis, the method including the steps 
of: positioning the device on the basis of information relating 
to the target defect of composition analysis obtained by the 
processing for observation; acquiring a position of the target 
defect of composition analysis on the positioned device; 
controlling an irradiation position of the energy beam at the 
device to set the irradiation position of the energy beam to 
match the acquired position of the target defect of composition 
analysis ; and irradiating the energy beam on the set irradiation 
position to acquire data for analyzing the composition of the 
target defect of composition analysis. 

The present invention is also a method of analyzing the 
composition of a target defect of composition analysis by using 
a defect, selected from defects to which processing for 
observation on a device has been effected, as a target of 
composition analysis and irradiating an energy beam on the target 
defect of composition analysis, the method including the steps 
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of: determining, after the processing for observation, whether 
or not the defect on the device is to become a target defect 
of composition analysis ; acquiring a position of the determined 
target defect of composition analysis; setting an irradiation 
position of the energy beam to match the acquired position of 
the target defect of composition analysis by controlling the 
irradiation position of the energy beam at the device in a state 
where the device is positioned; and irradiating the energy beam 
on the set irradiation position to acquire data for analyzing 
the composition of the target defect of composition analysis. 

Moreover, the present invention is a device for analyzing 
the composition of defects by irradiating an energy beam on 
a defect of a device, the device including: means for acquiring 
a position of the defect of the device using an image acquired 
by imaging the device; means for setting an irradiation position 
of the energy beam to match the acquired position of the defect 
by controlling the irradiation position of the energy beam at 
the device in a state where the device is positioned; and means 
for irradiating the energy beam on the set irradiation position 
to acquire data for analyzing the composition of the defect. 

The present invention is also a device for analyzing the 
composition of a target defect of composition analysis by using 
a defect, selected from defects to which processing for 
observation on a device has been effected, as a target of 
composition analysis and irradiating an energy beam on the target 
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defect of composition analysis, the device including: means 
for positioning the device on the basis of information relating 
to the target defect of composition analysis obtained by the 
processing for observation; means for acquiring a position of 
the target defect of composition analysis on the positioned 
device; means for controlling an irradiation position of the 
energy beam at the device to set the irradiation position of 
the energy beam to match the acquired position of the target 
defect of composition analysis; and means for irradiating the 
energy beam on the set irradiation position to acquire data 
for analyzing the composition of the target defect of composition 
analysis . 

Also, the present invention is a device for analyzing 
the composition of a target defect of composition analysis by 
using a defect, selected from defects to which processing for 
observation on a device has been effected, as a target of 
composition analysis and irradiating an energy beam on the target 
defect of composition analysis, the device including: means 
for determining, after the processing for observation, whether 
or not the defect on the device is to become a target defect 
of composition analysis; means for acquiring a position of the 
determined target defect of composition analysis; means for 
setting an irradiation position of the energy beam to match 
the acquired position of the target defect of composition 
analysis by controlling the irradiation position of the energy 
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beam at the device in a state where the device is positioned; 
and means for irradiating the energy beam on the set irradiation 
position to acquire data for analyzing the composition of the 
target defect of composition analysis . 

These and other objects, features and advantages of the 
invention will be apparent from the following more particular 
description of preferred embodiments of the invention, as 
illustrated in the accompanying drawings. 

Brief Description of The Drawings 

Fig . 1 is a block diagram showing an embodiment of a device 
for analyzing the composition of defects according to the 
invention; 

Fig. 2 is a block diagram showing a specific example of 
respective devices on a production line and the configuration 
of their connection; 

Fig. 3 is a block diagram showing another specific example 
of respective devices on a production line and the configuration 
of their connection; 

Fig. 4 is a flow chart describing the outline of steps 
for manufacturing a semiconductor; 

Fig. 5 is a diagram showing an example of information 
obtained from an inspection device and a review/ analysis device ; 

Fig. 6 is a flow chart showing a first embodiment of a 
method of analyzing the composition of defects according to 
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the invention ; 

Fig. 7 is a flow chart showing a second embodiment of 
the method of analyzing the composition of defects according 
to the invention; 

Fig. 8 is a flow chart showing a third embodiment of the 
method of analyzing the composition of defects according to 
the invention; 

Fig. 9 is a flow chart showing a fourth embodiment of 
the method of analyzing the composition of defects according 
to the invention; 

Fig. 10 is a flow chart showing a fifth embodiment of 
the method of analyzing the composition of defects according 
to the invention; 

Fig. 11 is a flow chart showing main sections of a sixth 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig. 12 is a flow chart showing main sections of a seventh 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig. 13 is a flow chart showing main sections of an eighth 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Figs . 14A, 14B and 14C are a flow chart showing a specific 
example of a sequence of a method for acquiring a reference 
composition spectrum in the method of analyzing the composition 
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of defects according to the invention; 

Fig. 15 is a flow chart showing main sections of a ninth 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig. 16 is a flow chart showing main sections of a tenth 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig . 17 is a flow chart showing main sections of an eleventh 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig. 18 is a flow chart showing main sections of a twelfth 
embodiment of the method of analyzing the composition of defects 
according to the invention; 

Fig. 19 is a flow chart showing main sections of a 
thirteenth embodiment of the method of analyzing the composition 
of defects according to the invention; 

Fig. 20 is an explanatory diagram of a magnified view 
displacement vector in the embodiment shown in Fig. 19; 

Figs. 21A and 21B are diagrams showing differences in 
physical phenomena resulting from irradiation conditions of 
an electron beam; 

Fig. 22 is a flow chart showing main sections of a 
fourteenth embodiment of the method of analyzing the composition 
of defects according to the invention; 

Fig. 23 is a flowchart showing main sections of a fifteenth 
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embodiment of the method of analyzing the composition of defects 
according to the invention; 

Figs. 24A and 24B are diagrams showing specific examples 
of a method for setting irradiation conditions of an electron 
beam in the embodiments of the method of analyzing the 
composition of defects according to the invention; 

Fig. 25 is a diagram showing a specific example of a screen 
for setting the irradiation conditions of an electron beam in 
the embodiments of the method of analyzing the composition of 
defects according to the invention; 

Fig. 26 is a diagram showing a specific example of a method 
for measuring depths of defects; 

Figs. 27A and 27B are diagrams describing differences 
in irradiation conditions of an electron beam in accordance 
with depths of defects; 

Figs. 28A and 28B are diagrams describing irradiation 
positions of an electron beam on defects whose heights are 
uneven ; 

Figs . 29B and 29B are diagrams for describing differences 
in irradiation conditions of an electron beam with respect to 
elements ; 

Fig. 30 is a diagram showing another specific example 
of the screen for setting irradiation conditions of an electron 
beam in the embodiments of the method of analyzing the 
composition of defects according to the invention; and 
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Fig. 31 is a flow chart showing a sixteenth embodiment 
of the method of analyzing the composition of defects according 
to the invention . 

Description of the Preferred Embodiments 

In the embodiments of the present invention described 
below, a device for observing (reviewing) defects and analyzing 
the composition of defects will be described using a 
semiconductor wafer. However, the present invention is not 
limited thereto and may be another device. 

First , a specific example of respective devices on a 
semiconductor wafer production line and the configuration of 
their connection will be described on the basis of Fig. 2. In 
Fig. 2, 16 represents a data managing server, 17 represents 
a semiconductor production device, 18 represents an inspection 
device, 19 represents a review device , 20 represents an analysis 
device, 21 represents a review/analysis device, and 22 
represents a network. 

In Fig. 2, the production line has a configuration where 
the semiconductor wafer production device 17, the inspection 
device 18, the review device 19, the analysis device 20 and 
the review/analysis device 21 are interconnected by the data 
managing server 16 and the network 22. 

The production device 17 is a device used in the production 
of a semiconductor wafer , such as an exposure device or an etching 
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device. The inspection device 18 is a device that inspects 
defect positions. For example, the inspection device 18 scans 
the top of the semiconductor wafer with spots of light, 
identifies defect positions from the degree of diffuse 
reflection, acquires images of patterns formed thereon from 
two chips, compares these images, regards portions differing 
between these images as defects, and detects defect positions 
thereof . 

The review device 19 is a device that observes defects 
on the basis of the detection information of the inspection 
device 18. The review device 19 moves the stage on which the 
semiconductor wafer is placed, effects positioning towards 
defects serving as the target on the semiconductor wafer on 
the basis of the defect position information outputted from 
the inspection device 18 , and conduct s measurement of the defects . 
For example, an optical microscope or an SEM is used for the 
observation. The analysis device 20 is a device that analyzes 
the composition of the defects using an EDX or Auger electron 
spectroscopy . 

Auger electron spectroscopy is a method that analyzes 
Auger electrons discharged from a target when electron rays 
are irradiated onto the target, and is a commonly well-known 
method. The review/analysis device 21 is a device configured 
so that it can observe defects and analyze the composition of 
those defects. 
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It should be noted that it is not necessary for these 
respective devices for inspection, review and analysis to be 
separate, and that they may be combined so that, for example, 
review and analysis are conducted within the same device. 

The data managing server 16 is a device that manages the 
data obtained by the inspection device 18 , the review device 
19, the analysis device 20 and the review/analysis device 21. 
The review device 19, the analysis device 20 and the 
review/ analysis device 21 can acquire information such as defect 
position coordinates outputted from the inspection device 18 
via the data managing server 16. 

Incidentally, although the specific example shown in Fig. 
2 has a configuration where the respective devices are all 
interconnected via the single network 22, these devices may 
also be divided into several groups and a data managing server 
may be disposed for each group. 

Fig. 3 shows a specific example of such grouping. Here, 
the respective devices are divided into a first group that 
includes the production device 17, a second group that includes 
the inspection device 18 and the review device 19 , and a third 
group that includes the analysis device 20 and the 
review/analysis device 21. In the first group, the production 
device 17 is connected to a data managing server 16a via a network 
22a. In the second group, the inspection device 18, the review 
device 19 and a data managing server 16b are interconnected 
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by a network 22b. In the third group, the analysis device 20 , 
the review/analysis device 21 and a data managing server 16c 
are interconnected by a network 22c. Also, the data managing 
servers 16a to 16c are interconnected by the network 22. 

The data obtained by the production device 17 is saved 
in the data managing server 16a, the data obtained by the 
inspection device 18 and the review device 19 is saved in the 
data managing server 16b, and the data obtained by the analysis 
device 20 and the review/analysis device 21 is saved in the 
data managing server 16c . Exchange of data can also be conducted 
between the data managing servers 16 to 16c, whereby a certain 
device can use the data obtained by another device . For example , 
the review device 19, the analysis device 20 and the 
review/analysis device 21 can use the data obtained by the 
inspection device 18. 

It should be noted that, although two examples of the 
connection configuration of the devices and server(s) are shown 
in Figs. 2 and 3, any connection configuration is possible as 
long as it is possible for the devices to mutually use the data. 

Next , embodiments of the invention used in the connection 
configuration will be described. 

Fig. 1 is a block diagram showing an embodiment of the 
device for analyzing the composition of defects according to 
the invention. In Fig. 1, WF represents a semiconductor wafer , 
EB represents an electron beam, 1 represents an electron source , 
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2 represents an electro-optical system, 3 represents an imaging 
device using a scanning electron microscope, 4 and 5 represent 
detectors, 6 represents a semiconductor X-ray detector, 7 
represents an X-Y stage, 8 represents a monitor, 9 represents 
a computer, 10 represents a control device, 11 represents a 
monitor, 12 represents a computer, 13 represents secondary 
electrons, 14 represents reflected electrons , and 15 represents 
a characteristic X-ray. This embodiment corresponds to the 
review/analysis device 21 of Fig. 2. 

In Fig. 1, the electron source 1, the electro-optical 
system 2 , the detectors 4 and 5 , the semiconductor X-ray detector 
6 and the X-Y stage 7 configure an SEM that is used as the imaging 
device 3 of the semiconductor wafer WF placed on the X-Y stage 
7. 

The semiconductor wafer WF, which serves as the target 
(i.e., measurement target) for review (observation) and 
composition analysis, is placed on the X-Y stage 7. The X-Y 
stage 7 is movably controlled in X and Y directions by the control 
device 10 on the basis of a control signal from the computer 
9. The imaging device 3 using the SEM magnifies and images 
the semiconductor wafer WF fixed on the X-Y stage 7. That is, 
the electron beam EB emitted from the electron source 1 is 
converged by the electro- optical system 2 and scanned, whereby 
the electron beam EB is irradiated onto the measurement target 
semiconductor wafer WF. The secondary electrons 13 and the 
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reflected electrons 14 obtained from the semiconductor wafer 
WF by this irradiation are respectively detected by the detectors 
4 and 5 and processed by the computer 9, so that an SEM image 
of the semiconductor wafer WF is generated. This SEM image 
can be observed (reviewed) on the monitor 8. 

The semiconductor X-ray detector 6 detects the 
characteristic X-ray 15 discharged from defects on the 
semiconductor wafer WF by the irradiation of the electron beam 
EB, and converts the characteristic X-ray 15 into an electrical 
signal. This electrical signal is processed by the computer 
12 and displayed on the monitor 11 as a spectrum. Because the 
position of the X-Y stage 7 is controlled, the imaging device 
3 can observe/analyze optional positions on the semiconductor 
wafer WF. 

It should be noted that the computer 9 can be made to 
conduct the processing of the computer 12 and that the electrical 
signal outputted from the semiconductor X-ray detector 6 can 
also be processed by the computer 9 to obtain the spectrum 
information. 

Next, the operation sequence of the review/analysis 
device shown in Fig. 1 that is an embodiment of the device for 
analyzing the composition of defects according to the invention , 
i.e., the embodiment of the device for analyzing the composition 
of defects according to the invention, will be described. It 
should be noted that , although an embodiment of a method of 



19 



analyzing the composition of defects described below is executed 
by the review/analysis device shown in Fig. 1, the 
review/ analysis device is connected to other devices as shown 
in Fig. 2. Of course, the review/analysis device may also be 
connected by the connection configuration shown in Fig. 3 or 
by other connection configurations. 

Fig. 6 is a flow chart showing a first embodiment of the 
method of analyzing the composition of defects according to 
the invention. The first embodiment is a case where a 
semiconductor wafer having a pattern on a background is used 
as the target. 

In Fig. 6, first, defect coordinate data obtained by the 
inspection device 18 (Fig. 2) is acquired (step 100). This 
defect coordinate data is acquired by, for example, designating 
a lot number of a semiconductor wafer server as the target for 
review/analysis , a semiconductor wafer number and an inspection 
step, uniquely identifying the semiconductor wafer WF, and 
accessing the data managing server 16 (Fig. 2) via the network 
22 (Fig. 2). 

Next, conditions for irradiating the electron beam to 
be irradiated (referred to below as "the EB conditions") are 
set for observation (review) (step 101). Examples of the EB 
conditions include acceleration voltage and probe current. 
These are set to conditions suited for observation of a defect 
image (i.e., an image obtained by shooting a field of view 
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including the defects). 

Next, on the basis of the defect coordinate data acquired 
in step 100, a defect serving as the target for review (referred 
to below as "the review target defect") is selected, a shooting 
field of view in which a wide range can be shot at a low 

magnification with the review target defect as the center 

•i 

(referred to below as a "low-magnification shooting field of 
view") is set, and the X-Y stage 7 (Fig. 1) is moved so that 
a position (referred to below as "the reference position") 
corresponding to the coordinate position of the review target 
defect of the chip in which the review target defect is present 
(referred to below as "the review target chip" ) in another chip 
(e.g., an adjacent chip; referred to below as a "proximate chip" ) 
near the review target chip is centered in the shooting field 
of view (step 102) . At this time, even if the low-magnification 
shooting field of view includes predictable error, such as 
calculation error of the defect coordinate position of the 
inspection device 18 or positioning error of the X-Y stage 7, 
a field of view size is acquired so that the review target defect 
is sufficiently within the low-magnification shooting field 
of view. 

When the positioning setting of the X-Y stage 7 is effected 
in this manner, the inside of the low-resolution field of view 
of the proximate chip is scanned (i.e. , imaged ) with the electron 
beam EB (Fig. 1) in this set state, whereby an image of the 
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inside of the low-resolution field of view is acquired as a 
low-resolution reference image (1) (step 103). Next, on the 
basis of the defect coordinate data of the inspection device 
18 acquired in step 100, the X-Y stage 7 is moved so that the 
target defect of the review of the review target chip is centered 
in the low-resolution field of view (step 104). 

Then, in a state where the positioning of the X-Y stage 
7 has been set in this manner, the inside of the low-resolution 
field of view of the review target chip is shot, whereby an 
image of the inside of the low-resolution field of view is 
acquired as a low-resolution defect image (2) (step 105). 

In this manner, the low-resolution reference image (1) 
and the low-resolution defect image (2) are obtained. Next, 
these images (1) and (2) aligned so that the corresponding 
positions thereof coincide, and the difference region thereof 
is calculated, whereby the position of the target defect of 
review (i.e., defect position) is calculated (step 106). 

Then, a field of view for shooting at a high resolution 
of a narrow range in which the defect position calculated in 
step 106 is centered (referred to below as a high-resolution 
shooting field of view) is set and the inside of the 
high-resolution shooting field of view of the review target 
chip is shot at a high resolution, whereby a defect image of 
a resolution that is higher than that of the low-resolution 
defect image (2) (referred to below as a high-resolution defect 
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image) (3) is acquired (step 107) . At this time, the X-Y stage 
7 is slanted by the electro-optical system 2 (Fig. 1) without 
being moved, whereby the irradiation range (shooting range) 
of the electron beam EB is adjusted and the high-resolution 
defect image (3) is obtained. In this manner , a high-resolution 
defect image that does not include a large error factor can 
be obtained because the movement of the X-Y stage 7 is not 
entailed. 

Next , in order to obtain a reference image of high 
resolution (referred to below as a high-resolution reference 
image) corresponding to the high-resolution defect image (3) , 
the X-Y stage 7 is moved from the position set in step 104 to 
the position of the proximate chip when the low- resolution 
reference image is acquired in step 103 (the position set in 
step 102) (step 108). 

However, in actuality, because positioning error of the 
X-Y stage 7 is included, the X-Y stage 7 cannot be precisely 
positioned at the position set in step 102 . In order to eliminate 
this positioning error, the background pattern of the proximate 
chip is used. 

That is , after the X-Y stage 7 has been moved and positioned 
in step 108, a low-resolution shooting field of view that is 
the same as that of step 103 is set and the inside of this field 
of view is shoot at a low resolution (same resolution as in 
steps 103 and 105) to acquire a low-resolution reference image 
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(4) (step 109). The acquired low-resolution reference image 
(4) does not coincide with the low-resolution reference image 
(1) acquired in step 103 when there is positioning error of 
the X-Y stage 7. Next, a size corresponding to the 
high-resolution shooting field of view in which the position 
of the defect calculated in step 106 of the low-resolution 
reference image ( 1 ) is centered is cut out and made into a template , 
and template matching is conducted with respect to the 
low-resolution reference image ( 4 ) acquired in step 109 , whereby 
a region matching this template in the low- resolution reference 
image (4) (here, the background pattern is used) is sought and 
the center coordinate of this region is calculated. 

The center coordinate is the position of the proximate 
chip corresponding to the defect position of the review target 
calculated in step 106 of the review target chip. Thus, a 
high-resolution shooting field of view that is the same as the 
high-resolution shooting field of step 7 where this center 
coordinate is centered on the proximate chip is set, and the 
inside of the high-resolution shooting field of view is shot 
at the same high resolution as in step 107, whereby a 
high-resolution reference image (5) is acquired (step 110). 
This high-resolution reference image (5) corresponds to the 
high-resolution defect image (3) acquired in step 107. 

Next, difference extraction processing and positioning 
processing of the high-resolution defect image (3) and the 
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high-resolution reference image (5) are conducted and the defect 
region of the target defect of the review of the high-resolution 
defect image (3) is extracted. Because the extraction of this 
defect region uses an image whose resolution is high in 
comparison to difference extraction processing for the defect 
position detection implemented in step 106, a defect region 
can be determined with greater precision. Also, with in regard 
to the extracted defect region, classification of the defect 
is conducted on the basis of characteristics such as size, 
luminance and texture , and attributes in the defects are imparted . 
Examples of the attributes include "particles" and "hollow" 
for attributes relating to unevenness, "white" and "black" for 
attributes relating to luminance, "round" and "polygonal" for 
attributes relating to shape, "rough" for attributes relating 
to the surface state , " large " and " small "for attributes relating 
to defect size, and "on the surface" and "embedded" for 
attributes relating to the layer in which the defects are present 
(step 111) . 

The above is the processing operation for review 
(observation) with respect to one defect. 

Then, when the extraction of the defect region of the 
target defect of the review and defect classification end and 
the review operation is concluded, it is determined whether 
or not the review operation has been concluded for all defects 
that are to become targets for review (step 112). When the 
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review operation has not been concluded, the target for review 
moves to the next defect (step 113) and processing is repeated 
from step 102 with respect to the next review target defect. 
When the above processing has been concluded with respect to 
all of the defects that are to become targets for review, the 
defect serving as the target for composition analysis is selected 
(step 114) . 

In the above manner, the regions of the defects serving 
as the targets for review are extracted, and these can be 
displayed on the monitor 8 (Fig. 1) and observed (reviewed). 

It should be noted that, although the defects that are 
to become the targets for review may be all of the defects observed 
by the inspection device 18, defects of a number randomly set 
in advance can also serve as the targets. Alternatively, the 
defects that are to become the targets for review may be 
determined on the basis of the attribute information (e.g., 
size information, etc. ) of the defects given as the inspection 
result of the inspection device 18. 

Next , when conducting composition analysis of the defects , 
first, selection of the defects serving as the targets for the 
composition analysis (i.e., composition analysis target 
defects) is conducted (step 114). As the selection method of 
the composition analysis target defects, the defects may be 
selected one by one with human hands while observing the defect 
image on the monitor 8. Also, the result of classification 
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by step 111 may be used to automatically select only the defects 
belonging to a desired classification category. By acquiring 
the target image in this manner, it can be used as effective 
information when conducting selection of the defects serving 
as the analysis targets. 

Also, for example, when the number of defects detected 
on one semiconductor wafer is small, all of the defects can 
serve as the analysis targets or defects of a designated in 
advance may be randomly selected depending on the objective 
of the user. In such cases, it is not necessary to select the 
target defects for composition analysis (i.e. , the processing 
of step 114 ) . 

Next, the EB conditions are set for EDX analysis (step 
115). Then, in a state where the EB conditions are set for 
EDX analysis, a low-resolution reference image (6) and a 
low-resolution defect image (7) are acquired in the same manner 
as in steps 102 to 105, the positions of the target defects 
for composition analysis are calculated from these 
low-resolution images (steps 116 to 120) , and the electron beam 
EB is irradiated on the defect positions , whereby spectrum data 
resulting from the EDX is acquired (step 121). Thus, one 
composition analysis operation of the target defect of 
composition analysis is concluded. 

Next, it is determined whether or not there is another 
target defect of composition analysis (step 122). If there 
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is, the routine moves to the next target defect of composition 
analysis (step 123) and the processing operation from step 116 
is implemented with respect to this defect. However, when the 
processing operation from step 116 is effected with respect 
to all target defects for composition analysis, the composition 
analysis processing operation is concluded. 

In this manner, a composition analysis result is obtained 
for each target defect of composition analysis and these results 
are displayed on the monitor 11 (Fig. 1), whereby the EDX 
composition spectrum is displayed and it is possible to know 
the composition of the defects . 

As described above, in the first embodiment, because the 
target defects for composition analysis can be selected on the 
basis of the review of the defect images, narrowing -down of 
the target defects for composition analysis that is effective 
and in accordance with the standard that the user demands can 
be implemented . 

It should be noted that , in a case where all of the defects 
detected by the inspection device 18 serve as targets for 
composition analysis or a case where the user selects defects 
to serve as targets for composition analysis, the processing 
operation for review of steps 101 to 112 is not always necessary. 
When only composition analysis of defects is necessary, steps 
101 to 112 can be omitted. 

Fig. 7 is a flow chart showing a second embodiment of 



28 



the method of analyzing the composition of defects according 
to the invention. The same reference numerals will be given 
to steps corresponding to those in Fig. 6 and overlapping 
description will be omitted. The second embodiment is also 
one where a semiconductor wafer WF including a pattern on the 
background is used as a target . 

In Fig. 7, steps 100 to 105 are the same as those of the 
first embodiment shown in Fig. 6. 

When the low-resolution reference image (1) is obtained 
in step 103 and the low-resolution defect image (2) is obtained 
in step 105 , the defect position of the target defect for review 
is calculated from these low-resolution images (1) and (2) in 
the same manner as in step 106 in Fig. 6, and a vector (referred 
to below as a displacement vector) to the defect position 
coordinates from the center coordinates in the low-resolution 
shooting field of view of the review target chip whose 
positioning has been set in step 104 is calculated and stored. 
This displacement vector is a two-dimensional vector comprising 
X and Y components in the movement direction of the X-Y stage 
7. In addition to the error of the defect position obtained 
by the inspection device 18 (Figs. 2 and 3), positioning error 
of the X-Y stage 7 (Fig. 1) of the SEM is also included. Then, 
steps 107 to 111 are executed and the above review processing 
is conducted with respect to all defects serving as the targets 
for review (step 112). 
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When composition analysis is to be conducted, the target 
defects for composition analysis are selected (step 114) and 
the EB conditions are set for EDX analysis (step 115). 
Thereafter, the X-Y stage 7 is moved so that the position where 
the field of view center is on the proximate chip (step 108) 
becomes the target chip , so that the field of view center matches 
the defect position of the target defect of composition analysis 
from the displacement vector and the defect target coordinates 
determined in step 200 (step 201). 

In this manner, when positioning is conducted using the 
displacement vector, positioning error of the X-Y stage 7 of 
the SEM is included in the displacement vector in addition to 
the error of the defect coordinates outputted from the defect 
inspection device 18 as described above. However, because the 
defect coordinate error outputted from the inspection device 
18 is usually one digit larger in comparison to the positioning 
error of the X-Y stage 7 , positioning can be conducted with 
high precision in comparison to a case where correction resulting 
from the displacement vector is not added. Thus, the target 
defects for composition analysis can be kept inside the 
high-resolution shooting field of view. 

However, even if the X-Y stage 7 is moved on the basis 
of the defect coordinates and the displacement vector so that 
the field of view center (here the field of view center is the 
center of the set high-resolution and low-resolution shooting 
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fields of view, and also refers to the irradiation position 
of the electron beam EB for composition analysis) moves from 
the proximate chip to the target chip and the position of the 
X-Y stage 7 is adjusted and positioned on the basis of the defect 
coordinates and the displacement vector so that the defect 
position is centered in the field of view, positioning error 
accompanying this movement of the X-Y stage 7 arises and the 
defect position is shifted from the positioning error field 
of view center. 

In this case, in a case of a defect whose size is large, 
the field of view center is present inside the defect region 
even if there is displacement of this amount and the electron 
beam EB whose conditions are set for EDX analysis is irradiated 
in composition analysis, so that it does not become a 
particularly large problem. However, in the case of a defect 
whose size is close to or smaller than the positioning error 
of the X-Y stage 7, there is the potential for the region thereof 
to shift away from the field of view center so that the electron 
beam cannot hit the defect . 

Thus, in the second embodiment, step 202 is disposed in 
order to eliminate this. That is, in step 202, the 
high-resolution defect image (3) acquired in step 107 is used 
as a template, a high-resolution shooting field of view is set 
on the composition analysis target chip, and this is scanned 
with the electron beam EB set for EDX analysis, whereby a new 
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high-resolution defect image in this high-resolution shooting 
field of view is acquired, template matching processing of this 
high-resolution defect image and the template is conducted, 
and a high-resolution field of view such that the field of view 
center is included in the defect region of the template is 
searched. Thus, a high-resolution field of view where the 
target defect position for composition analysis coincides with 
the field of view center is obtained and the positioning error 
of the X-Y stage 7 is corrected. Thereafter, the operation 
from step 121 is executed and the composition spectrum of the 
target defect of composition analysis is acquired. 

When a composition spectrum is acquired for one target 
defect of composition analysis, one of the remaining defects 
selected in step 114 becomes the next target defect of 
composition analysis (step 123), the processing of steps 201, 
202 and 121 is implemented with respect to this target defect 
of composition analysis , and a composition spectrum is acquired 
for each target defect of composition analysis . In this manner , 
this processing operation is conducted for all of the defects 
selected in step 114 to acquire composition analysis spectrums 
(step 122) . 

In this manner, in the second embodiment of the method 
of analyzing the composition of defects, effects that are the 
same as those of the first embodiment shown in Fig. 6 are obtained. 
Additionally, because it becomes unnecessary to acquire the 
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reference images as in the first embodiment shown in Fig. 6 
at the time of composition analysis, the irradiation position 
of the electron beam EB for composition analysis can be 
identified from the defect image and the amount of time necessary 
to identify this irradiation position can be reduced. Thus, 
improvement of throughput can be realized. 

Here, inacasewhere the viewing of the defects (brightness 
and texture of the defects) differs due to the irradiation 
conditions of the electron beam EB (referred to below as EB 
conditions) differing, a minute filter is placed on the image, 
an image is created where the edge component is extracted, and 
template matching processing is executed with this image, 
whereby affects resulting from differences in the EB conditions 
can be eliminated. 

Also, in Fig. 7, in a case where the resolutions of the 
high-resolution defect image (3) acquired in step 107 and the 
high-resolution defect image used in step 202 are different, 
a sufficient resolution can be supplied with these image by 
magnifying or reducing the high-resolution defect image (3) 
serving as the template by digital processing, and field of 
view displacement correction of step 202 can be conducted. 

Here, the same effects are obtained even if the defect 
coordinate data acquired from the inspection device 18 is 
rewritten over the coordinate data of the detected defect 
position instead of storing the displacement vector. 
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Also, in Fig. 7, similar to the first embodiment shown 
in Fig. 6, steps 108 to 111 may be skipped depending on the 
selection method of the target defects for composition analysis 
in step 115. 

Fig. 8 is a flow chart showing a third embodiment of the 
method of analyzing the composition of defects according to 
the invention. The same reference numerals will be given to 
steps corresponding to those in Fig. 6 and overlapping 
description will be omitted. The third embodiment is also one 
where a semiconductor wafer WF including a pattern on the 
background is used as a target. 

In Fig. 8, steps 100 to 111 are the same as steps 100 
to 111 in the first embodiment shown in Fig. 6. 

When classification and region detection of the target 
defect of review are effected in steps 102 to 111, it is next 
determined whether or not the review-processed defect is a target 
of composition analysis on the basis of preset determination 
conditions (step 300). Examples of these determination 
conditions include defect size, whether the defect has a concave 
or convex shape, and the texture of the defect region. When 
the defect is not a target of composition analysis, it is 
determined whether the next defect is a target of review (step 
122) . If there are remaining defects, one is selected for the 
next target defect of review ( step 303 ) and the review processing 
operation from step 101 is conducted. 
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When the defect for which the review processing operation 
of steps 102 to 111 has concluded is to serve as the target 
of composition analysis (step 300), the X-Y stage 7 is moved 
in order to move the shooting field of vision from the proximate 
chip to the target chip and the low- resolution defect image 
( 7 ) is acquired in the same manner as in step 119 of the embodiment 
shown in Fig. 6 (step 119). Then, using this low-resolution 
defect image (7) and the low-resolution reference image (1) 
acquired in step 103, the position of the defect, i.e., the 
irradiation position of the electron beam EB for composition 
analysis is calculated (step 301). Together with this, the 
EB conditions are changed from conditions for the observation 
until now to conditions for EDX analysis ( step 302 ) , the electron 
beam EB is irradiated onto the composition analysis defect and 
composition spectrum data is acquired (step 121). 

Here, when the EB conditions are changed from conditions 
for observation to conditions for EDX analysis , sometimes the 
field of view shifts. Thus, the shift amount of the field of 
view per change in the EB conditions is determined in advance 
by advance experimentation or calculation and this is used to 
correct the shift. Also, the image before the EB conditions 
are changed may be acquired as a template and, after the EB 
conditions are changed, an image may be acquired at the same 
resolution as that of the electron beam EB after the change 
and, using this image and the template, template matching 
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processing may be conducted, whereby the shift amount of the 
field of view is calculated, and this may be used to slant the 
electron beam EB with the electro-optical system 2 (Fig. 1) 
and correct the shift. Also, these methods may be combined 
to determine shift use and correct the shift. 

In the above manner, the data of the composition spectrum 
of the target defect of composition analysis can be obtained. 
Then, when a defect that is to serve as the target of review 
remains (step 122), this is used as the next target of review 
(step 303), and processing from step 101 is conducted. Then, 
when there are no longer any defects to serve as targets for 
review processing (step 122), the series of processing ends. 

In the first and second embodiments shown in Figs. 6 and 
7, after review processing was conducted with respect to all 
defects serving as targets of review, defects that are to serve 
as targets of composition analysis were selected from among 
these defects (step 114) and the processing of composition 
analysis was conducted with respect to the selected defects. 
However, in the third embodiment shown in Fig. 8, the review 
processing and the composition analysis processing are made 
into consistent processing with respect to all of the target 
defects of review and defects not requiring composition analysis 
(step 300) are limited only to the review processing. 

Also , in the third embodiment shown in Fig . 8 , a 
displacement vector may be used as in the second embodiment 
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shown in Fig. 7. for example in step 106 of Fig. 8, the 
displacement vector may be stored in the same manner as in step 
200 of Fig. 7 , and steps 118 , 119 and 301 of Fig. 8 may be replaced 
with steps 201 and 202 of Fig. 7. 

In this manner, in the third embodiment shown in Fig. 
8, because the determination of the necessity of review and 
composition analysis and the composition analysis are conducted 
as a series of operations, the processing of the review and 
the composition analysis is conducted as a series of operations 
with respect to defects requiring review and composition 
analysis. Thus, positioning of the X-Y stage 7 becomes easy. 

In contrast, in the first and second embodiments shown 
in Figs. 6 and 7, after review processing is conducted with 
respect to all of the target defects of review, composition 
analysis processing is conducted with respect to the defects 
of these serving as targets of composition analysis. Thus, 
the X-Y stage 7 is again moved with respect to each defect and 
positioning is conducted, and positioning thereof takes time. 

With respect to this point, the third embodiment shown 
in Fig. 8 can further raise throughput in comparison to the 
embodiments shown in Figs . 6 and 7 . In contrast , the embodiments 
shown in Figs. 6 and 7 can grasp the extent to which defects 
that are to serve as targets of composition analysis are present 
and implement composition analysis. In this point, they are 
more effective than the embodiment shown in Fig. 8. The user 
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may decide which of the throughput and grasping the defect 
conditions is to be given priority. 

Fig. 9 is a flow chart showing a fourth embodiment of 
the method of analyzing the composition of defects according 
to the invention. The same reference numerals will be given 
to steps corresponding to those in Fig. 8 and overlapping 
description will be omitted. The fourth embodiment is also 
one where a semiconductor wafer WF including a pattern on the 
background is used as a target. 

The fourth embodiment shown in Fig. 9 is basically the 
same as the embodiment shown in Fig. 8, except that the EB 
conditions are set for EDX analysis (step 400) after the defect 
coordinate data is acquired from the inspection device 18 (step 
100) . Thus, review processing of the defects (acquisition of 
reference images and defect images) is also conducted with the 
electron beam for EDX analysis. According to this, when the 
operation moves from the review processing operation to the 
composition analysis operation, it is not necessary to change 
the EB conditions from conditions for observation to conditions 
for EDX analysis (step 302) , which was necessary in the third 
embodiment shown in Fig. 8. 

Generally, when the EB conditions are changed, it takes 
a small amount of time until the output of the electron beam 
EB is stabilized. For example, when the acceleration voltage 
is changed, sometimes it takes several tens of seconds for the 
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output of the electron beam EB to stabilize. In the fourth 
embodiment, because the time required for the stabilization 
of the electron beam EB accompanying the change in the EB 
conditions is spent at the time review processing is initiated, 
total amount of time becomes extremely short and high throughput 
can be realized. However, in the fourth embodiment, because 
the image acquisition for review is not conducted under EB 
conditions suited therefor, it is not always the case that an 
image of high quality that is easy to observe is obtained. The 
user may decide which of the throughput and the image quality 
is to be given priority. 

Also, in the fourth embodiment shown in Fig. 9, a 
displacement vector may be used as in the second embodiment 
shown in Fig. 7. For example, in step 106 of Fig. 9, the 
displacement vector may be stored in the same manner as in step 
200 of Fig. 7 , and steps 118 , 119 and 301 of Fig . 9 may be replaced 
with steps 201 and 202 of Fig. 7. 

Here, with respect to the target chip, a spectrum of a 
portion with no defects corresponding to the defect portions 
thereof (referred to below as a reference spectrum) may be 
acquired, and this spectrum can be used as a determination 
standard when the composition of the defect is analyzed from 
the composition spectrum of the defect obtained in step 121 
of Figs. 6 to 9. An embodiment will be described below that 
enables the acquisition of this reference spectrum in each of 
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the embodiments shown in Figs. 6 to 9 . Below, the portion with 
no defects will be described as a portion within the proximate 
chip. 

Fig. 10 is a flow chart showing a fifth embodiment of 
the method of analyzing the composition of defects according 
to the invention. As is illustrated, a processing operation 
( steps 500 to 503 ) for acquiring a reference composition spectrum 
is added between steps 121 and 122 in the first embodiment shown 
in Fig. 6, the composition spectrum of the target defect of 
composition analysis is acquired and, thereafter, the reference 
composition spectrum is acquired. 

In Fig. 10, steps 500 and 501 are the same as steps 108 
and 109 in Fig. 6. That is, the reason the field of view had 
been set to the target chip in step 118 of Fig. 6 was to ensure 
that the field of view corresponding to the defect was set to 
the proximate chip by moving the X-Y stage 7 (step 500) . However, 
because the positioning error of the X-Y stage 7 is corrected 
at this time, an image of the low-resolution shooting field 
of view of the proximate chip, i.e. , a low-resolution reference 
image (8), is acquired in the same manner as in step 109 of 
Fig. 6 (step 501) , a template is created from the low-resolution 
reference image (6) of step 117 of Fig. 6, and template matching 
processing is conducted with this template and the 
low-resolution reference image (8), whereby the position of 
the proximate chip ( referred to below as the defect corresponding 
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position of the proximate chip) corresponding to the position 
of the target defect of composition analysis of the target chip 
(referred to below as the defect position of the target chip) 
is calculated (step 502). Then, the defect corresponding 
position of the proximate chip is used as the irradiation 
position of the electron beam EB for EDX analysis and the 
composition spectrum at this irradiation position, i.e., the 
reference composition spectrum, is acquired (step 503). 

In this manner, the reference composition spectrum at 
the defect corresponding position of the proximate chip 
corresponding to the defect position of the target chip can 
be acquired, and the composition of the defect can be known 
by analyzing the defect composition spectrum acquired in step 
121 of Fig. 6 on the basis of the reference composition spectrum. 

Fig. 11 is a flow chart showing a sixth embodiment of 
the method of analyzing the composition of defects according 
to the invention. As is illustrated, a processing operation 
(steps 600 to 602) for acquiring a reference composition spectrum 
is added between steps 121 and 122 in the second embodiment 
shown in Fig. 7, the composition spectrum of the defect is 
acquired and, thereafter, the reference composition spectrum 
is acquired. 

In Fig. 11, after the composition spectrum of the target 
defect of composition analysis is acquired in step 121 of Fig. 
7, the X-Y stage 7 is moved in the direction opposite from that 
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of step 201 in Fig. 7 , whereby the defect corresponding position 
of the proximate chip corresponding to the actual defect position 
of the target chip serves as the irradiation position of the 
electron beam EB on the basis of the defect corresponding 
position of the proximate chip corresponding to the defect 
position of the target chip determined in step 200 of Fig. 7 
and the displacement vector similarly determined in step 200 
(step 600) , but in this case, because there is positioning error 
of the X-Y stage 7, this error is corrected in the same manner 
as in step 202 of Fig. 7 in order to correct this, and the defect 
corresponding position of the proximate chip precisely 
corresponding to the actual defect position on the target chip 
serves as the irradiation position of the electron beam EB (step 
601 ) . Then, the electron beam EB for EDX analysis is irradiated 
on the defect corresponding position, whereby the reference 
composition spectrum corresponding to the composition spectrum 
of the composition analysis defect acquired in step 121 of Fig. 
6 is acquired (step 602). 

In this manner, in the sixth embodiment also , the reference 
composition spectrum of the defect corresponding position of 
the proximate chip can be acquired. 

Fig. 12 is a flow chart showing a seventh embodiment of 
the method of analyzing the composition of defects according 
to the inv ntion. In the third embodiment of Fig. 8, steps 
300 to 122 are replaced with the series of processing operations 
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shown in Fig. 12, and the same reference numerals will b given 
to steps corresponding to those in Fig- 8. 

In Fig. 12, first, the EB conditions are set to conditions 
for EDX analysis between steps 300 and 122 in order to acquire 
the reference composition spectrum and the defect composition 
spectrum (step 700). At this time, because the defect 
corresponding position of the proximate chip coincides with 
the irradiation position of the electron beam EB due to steps 
108 and 109 of Fig. 8, the electron beam EB is irradiated onto 
the proximate chip, whereby the defect corresponding position 
is irradiated and reference composition spectrum data can be 
acquired. Processing hereafter is the same as the series of 
processing operations of steps 118 to 121 in Fig. 8 excluding 
step 302. 

In this manner, in the seventh embodiment also, the 
reference composition spectrum of the defect corresponding 
position of the proximate chip can be acquired. 

Fig. 13 is a flow chart showing an eighth embodiment of 
the method of analyzing the composition of defects according 
to the invention. In the fourth embodiment of Fig. 9, a step 
800 for acquiring the composition reference spectrum is added, 
and the same reference numerals will be given to steps 
corresponding to those in Fig. 9. 

In Fig. 13, at the time it is determined that the 
review- processed defect is to serve as the target of composition 
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analysis (step 300) , because the EB conditions hav air ady 
been set to conditions for EDX analysis due to the steps of 
Fig. 9 and the defect corresponding position of the proximate 
chip coincides with the irradiation position of the electron 
beamEB due to steps 108 and 109 , the electron beamEB is irradiated 
on the defect corresponding position and the reference 
composition spectrum is acquired (step 800) . Thereafter, the 
routine proceeds to step 118 of Fig. 9. 

In this manner, in the eighth embodiment also, the 
reference composition spectrum of the defect corresponding 
position of the proximate chip can be acquired. 

Here, in cases where the background pattern on the chip 
is linear wiring or there is no background pattern on the chip, 
a position including a similar pattern (or no pattern) near 
the target defect portion of composition analysis of the target 
chip may be used as the irradiation position of the electron 
beam EB to acquire the reference composition spectrum. 

Figs. 14A, 14B and 14C are a flow chart showing a specific 
example of the sequence of the method for acquiring the reference 
composition spectrum. This method is conducted using the 
low-resolution reference image and the low-resolution defect 
image, and can be used in place of the series of steps shown 
in Figs. 10 to 13. Here, description will be given using th 
first embodiment shown in Fig. 6 as an example, but in this 
case, the low-resolution reference image (6) acquired in step 
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117 and the low-resolution defect image (7) can be used. 

Now, the defect position of the target chip is in the 
vicinity of the linear background pattern. Thus, in the 
low-resolution defect image, as shown in Fig. 14C, the defect 
position is in the vicinity of the linear background pattern 
and, similarly, as shown in Fig. 14C, the defect corresponding 
position is in the vicinity of the linear background pattern. 
By "in the vicinity" is meant within the field of view of the 
low-resolution image. 

Thus, in Fig. 14A, first, the position corresponding to 
the calculated defect position in the low-resolution image ( Fig . 
14B) is used as the center, and a template is created where 
the widening within the plane of the electron dispersion region 
(region where the electrons are dispersed in the chip) of the 
electron beam EB is used as the length of one edge (step 900) . 
Next, in the low-resolution defect image (Fig. 14C), template 
matching is conducted with this template and a region of 
coincidence that can be regarded as the same pattern as the 
template is identified in this low-resolution defect image ( step 
901) . Next, the center of the template included in this region 
is used as the irradiation position of the electron beam EB 
and the electron beam EB is irradiated on this to acquire the 
reference composition spectrum (step 902). 

Also, even in a case where there is no background pattern, 
there will be no background pattern in the template , but , similar 
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to the above, a region of coincidenc that can be regarded as 
the same as the template without the same background pattern 
as the template may be identified, and the center of the template 
included in this region may be used as the irradiation position 
of the electron beam EB to acquire the reference composition 
spectrum. 

Although it is preferable for the region acquiring the 
reference composition spectrum on the target chip to be a region 
that is as close as possible to the target defect of composition 
analysis, it must not be affected by the target defect of 
composition analysis. Thus, an edge of the template is used 
as the electron diffusion region. The reason for this is to 
avoid part of the target defect of composition analysis from 
being included within the range of the electron diffusion region 
in which the irradiation position of the electron beam EB is 
centered and to avoid the composition data of the target defect 
of composition analysis from being included in the obtained 
reference composition spectrum. 

That is, because the coincidence becomes small at the 
region where the target defect of composition analysis overlaps 
with the template when matching is conducted using the template 
with the low-resolution defect image , this region can be removed 
from the setting region of the irradiation position of the 
electron beam EB, whereby the region of the target defect of 
composition analysis is not included in the region where th 
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lectron beam EB is irradiated and the refer nee composition 
spectrum is obtained, and it is possible to guarantee that the 
obtained reference composition spectrum is not affected by the 
target defect of composition analysis. 

The electron dispersion region using the length of the 
edge of the template may be calculated by Monte Carlo simulation 
in the corresponding EB conditions in regard to an element having 
the largest electron dispersion of the film composition near 
the surf ace of the chip formed by the corresponding steps or 
an element having the largest electron dispersion of elements 
used in regard to a target product. 

Which of the acquisition method of the reference 
composition spectrum described in Figs. 10 to 13 and the 
acquisition method of the reference composition spectrum 
described in Figs . 14A to 14C is usedmay be designated in advance . 
These may be selectively used according to conditions so that, 
when the method shown in Fig. 14 is used, the method shown in 
Figs. 14A to 14C is used if there is a region having a high 
coincidence with the template and the method described in Figs . 
10 to 13 is used if there is no such region, and the method 
for acquiring the reference composition spectrum with the defect 
corresponding position of the proximate chip is implemented. 

Although Fig. 14 was explained using th first embodiment 
shown in Fig. 6 as an example, it goes without saying that it 
is also possible to apply the embodiments of Figs. 7 to 9. For 
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example, in the second embodiment shown in Fig. 7, the 
low- resolution defect image may be acquired between steps 121 
and 122 and the already acquired low-resolution image (1) or 
(4) may be used for the low- resolution reference image. Also, 
in the third and fourth embodiments shown in Figs. 8 and 9, 
the low-resolution reference image (4) acquired in step 109 
and the low-resolution defect image (7) acquired in step -119 
may be used. 

In the above embodiments, there was a background pattern 
on the semiconductor wafer and this was used to detect the region 
and position of the defect. However, next, an embodiment of 
a method of analyzing the composition of defects in a case where 
there is no background pattern on the semiconductor wafer will 
be described. 

Fig. 15 is a flow chart showing a ninth embodiment of 
the method of analyzing the composition of defects according 
to the invention in a case where there is no background pattern 
on the semiconductor wafer and corresponds to the first 
embodiment shown in Fig. 6. The same reference numerals will 
be given to steps corresponding to those in Fig . 6 and overlapping 
description will be omitted. 

Because the background is the same with respect to 
whichever defect when ther is no pattern in the background, 
it is not necessary to acquir a reference image for each target 
defect of composition analysis. Thus, the ninth embodiment 
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excludes the st p for acquiring the reference image in the first 
embodiment shown in Fig . 6 . 

That is, in Fig. 15, first, in the review processing 
operation, when the defect coordinate data of the inspection 
device 18 is acquired (step 100) and the EB conditions are set 
to conditions for observation (step 101), the X-Y stage 7 is 
moved to be able to obtain the defect image (step 104), the 
low-resolution defect image is acquired (step 105) , the defect 
position of the target chip is calculated from this 
low-resolution defect image (step 1000), a high-resolution 
defect image is acquired on the basis of this defect position 
(step 107) , and region extraction of the target defect of review 
and classification of the defect are conducted (step 1001). 
In this manner, steps 102, 103 and 108 to 110 of Fig. 6 for 
acquiring the reference image are omitted. 

Here, with respect to the calculation of the defect 
position from the low-resolution defect image in step 1000, 
the target defect of review is detected from a difference in 
luminance or the like in the image and this position is calculated . 
As one method for detecting the target defect of review, the 
low-resolution defect image is differentiated and compared with 
a preset threshold, and a portion where the differentiation 
value is greater than that of the threshold is extracted as 
an outline of the defect region. Alternatively, a portion in 
the field of view where the defect is not present may be acquired 
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in advance as a reference image, and the difference betwe n 
this reference image and the defect image may be detected. The 
extraction of the defect region from the high- resolution defect 
image in step 1001 also similarly uses a difference in luminance 
or the like in the image. 

In the composition analysis operation , when the EB 
conditions are set to conditions for EDX analysis (step 115) 
with respect to the selected target defect of composition 
analysis (step 114), the X-Y stage 7 is moved to be able to 
acquire the defect image (step 118) , the low-resolution defect 
image is acquired (step 119) , the defect position is calculated 
from this low-resolution defect image (step 1002) , this defect 
position is used as the electron beam irradiation position, 
and the composition spectrum of this target defect of composition 
analysis is acquired (step 121). In this manner, steps 116 
and 117 of Fig. 6 for acquiring the reference image are omitted. 

Here, the method for calculating the defect position from 
the low-resolution defect image in step 1002 is the same as 
the above -described method using a difference in luminance. 

Fig. 16 is a flow chart showing a tenth embodiment of 
the method of analyzing the composition of defects according 
to the invention in a case where there is no background pattern 
on the semiconductor wafer and corresponds to the second 
embodiment shown in Fig. 7. The same reference numerals will 
be giv n to steps corresponding to those in Fig . 7 and overlapping 
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description will b omitt d. 

The tenth embodiment shown in Fig. 16 excludes the series 
of processing operations resulting from steps 102, 103 and 108 
to 110 for acquiring the reference image of the second embodiment 
shown in Fig. 7. However, in a case where the defect position 
is calculated from the low-resolution defect image acquired 
in step 105 (step 1010), or in a case where the defect region 
is extracted from the high-resolution defect image acquired 
in step 107 (step 1011), the defect is detected using a difference 
in luminance in the low- resolution defect image and the 
high-resolution defect image similar to steps 1000 and 1001 
in Fig. 15. 

Fig. 17 is a flow chart showing an eleventh embodiment 
of the method of analyzing the composition of defects according 
to the invention in a case where there is no background pattern 
on the semiconductor wafer and corresponds to the third 
embodiment shown in Fig. 8. The same reference numerals will 
be given to steps corresponding to those in Fig . 8 and overlapping 
description will be omitted. 

The eleventh embodiment shown in Fig. 17 excludes the 
series of processing operations resulting from steps 102, 103 
and 108 to 110 for acquiring the reference image of the third 
embodiment shown in Fig. 8 . However, in a case where the defect 
position is calculated from the low- resolution defect image 
acquired in step 105 (step 1020) , or in a case where the d feet 
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region is extracted from the high-resolution defect image 
acquired in step 107 (step 1021) , the defect is detected using 
a difference in luminance in the low-resolution defect image 
and the high-resolution defect image similar to steps 1000 and 
1001 in Fig. 15. 

Also, with respect to the composition analysis operation, 
steps 118, 119 and 301 in Fig. 8 are excluded. The reason for 
this is, because steps 108 to 110 for acquiring the 
high -resolution reference image are excluded in the review 
operation, when review processing ends and composition analysis 
processing is started thereafter with respect to the target 
defect of composition analysis, the X-Y stage 7 is as was moved 
to the defect coordinates in step 104 at the time of the review 
operation and the position of the target defect of composition 
analysis is calculated in step 1020. In step 121, the 
irradiation position of the electron beam EB is matched to the 
defect position. 

Fig. 18 is a flow chart showing a twelfth embodiment of 
the method of analyzing the composition of defects according 
to the invention in a case where there is no background pattern 
on the semiconductor wafer and corresponds to the fourth 
embodiment shown in Fig. 9. The same reference numerals will 
be given to steps corresponding to those in Fig . 9 and overlapping 
description will be omitted. 

The twelfth embodiment shown in Fig . 18 excludes the series 
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of processing operations resulting from steps 102, 103 and 108 
to 110 for acquiring the reference image of the fourth embodiment 
shown in Fig. 9. However, in a case where the defect position 
is calculated from the low-resolution defect image acquired 
in step 105 (step 1030), or in a case where the defect region 
is extracted from the high-resolution defect image acquired 
in step 107 (step 1031), the defect is detected using a difference 
in luminance in the low-resolution defect image and the 
high-resolution defect image similar to steps 1000 and 1001 
in Fig. 15. 

Also, because the composition analysis operation is the 
same as that of the eleventh embodiment shown in Fig. 17, steps 
118, 119 and 301 of Fig. 9 are excluded, and because the EB 
conditions are already set for EDX analysis in step 400 of the 
review operation, the irradiation position of the electron beam 
EB is matched to the defect position on the basis of the defect 
position calculated in step 1030, and thereafter acquisition 
of the composition spectrum of this defect is conducted (step 
121). 

Incidentally, in the above- described first to twelfth 
embodiments, the defect position was calculated at the time 
of the composition analysis operation from the low-resolution 
reference image and the low-resolution defect image or the 
low- resolution defect image and the irradiation position of 
the electron beam was controlled to coincide with this defect 
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position . However , when the defect position is calculated using 
a low-resolution image in this manner, quantization error is 
included in the position coordinate values and sometimes the 
irradiation position of the electron beam cannot be precisely 
matched to the defect position of the target chip. 

Here, quantization error will be simply described. 

An image is a collection of pixels , and the same is true 
of the low-resolution defect image. The region of the defect 
appearing in the low-resolution defect image is also a collection 
of pixels. Each pixel has an area of a certain extent, and 
when the defect region overlaps even slightly with this pixel 
region, this pixel becomes included in the defect region. In 
a case of a defect having a large region, the actual defect 
region overlaps part of the pixel, and even if this pixel becomes 
included inside this defect region, it is slight with respect 
to the actual defect region. Thus, it does not become a 
remarkable problem in detection of the defect position. 

In contrast, in a case where the actual defect region 
is small, e.g. , in the case of a defect of a region of the size 
of about one pixel, even if the actual region of the defect 
is slight, when it overlaps an adjacent pixel, this adjacent 
pixel also becomes included in the region of this defect, and 
a defect region that appears to be largely different from the 
actual defect region arises. When the defect position is 
calculated from a defect region appearing this way, it ends 
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up being largely differ nt from the defect position calculated 
from the actual defect region. This is quantization error in 
the coordinate values. 

With respect to a defect image of the same resolution, 
the amount of quantization error is itself determined by the 
pixel number configuring the overall defect image, so it may 
be considered to be constant regardless of the size of the defect . 
Thus , the smaller the defect , the easier calculation is affected 
by quantization error . Because the low-resolution defect image 
is obtained by shooting a wide range with the same pixel number, 
the defect is photographed small , calculation is easily affected 
by quantization error, and it becomes impossible to ignore that 
affect . 

Next, using the first embodiment shown in Fig. 6 as an 
example, a method of reducing the affect of quantization error 
and setting the irradiation position of the electron beam EB 
will be described as a thirteenth embodiment . 

Fig. 19 is a flow chart showing a thirteenth embodiment 
of the method of analyzing the composition of defects according 
to the invention, and is one where a series of operations 
resulting from illustrated steps 1040 to 1050 are conducted 
between steps 120 and 121 of the first embodiment shown in Fig. 
6 and the irradiation position of the electron beam EB is set 
on the basis of the high-resolution defect image. 

In Fig. 19, a high-resolution shooting field of view is 
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shot on th target chip on the basis of the defect position 
calculated from the low-resolution defect image in the same 
manner as in step 107 of Fig. 6 to acquire the high-resolution 
defect image (8) (step 1040). Next, the X-Y stage 7 is moved 
to the proximate chip and a low-resolution reference image (9) 
is acquired in the same manner as in steps 108 to 110 as shown 
in Fig. 6 (steps 1041 and 1042). Then, a high-resolution 
reference image (10) is acquired on the basis of the 
low-resolution reference image (9) (step 1043). Then, 
positioning processing and difference extraction processing 
of the high-resolution defect image (8) and the high-resolution 
reference image (10) are conducted, the region of the target 
defect of composition analysis is calculated, the irradiation 
position of the electron beam EB within this defect region is 
determined and, as shown in Fig. 20, a vector to the irradiation 
position of the electron beam EB within this defect region with 
respect to the image center of the high-resolution defect image 
(8) (referred to below as a high-resolution field of view 
displacement vector) is acquired (step 1044). 

In this manner, the irradiation position of the electron 
beam EB is determined. However, next, in order to irradiate 
the electron beam EB on this irradiation position, i.e., the 
defect position, and conduct composition analysis , the X-Y stage 
7 is moved and returned to the state when the high-resolution 
defect image (8) of step 1040 was acquired (step 1045), but 
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it cannot be precisely returned to its original state (i. . , 
the state of step 1040) due to positioning error of the X-Y 
stage 7. Thus, similar to steps 105 to 107 in Fig. 6, a 
low-resolution defect image (11) is acquired (step 1046), the 
defect position is calculated from this low-resolution defect 
image (11) and the low-resolution reference image (9) acquired 
in step 1042 (step 1047), a high-resolution defect image (12) 
is acquired on the basis of this defect position, the 
high-resolution defect image (12) and the high- resolution 
defect image (8) acquired in step 1040 are matched, and the 
image center of the high-resolution defect image (12) is used 
as an origin to calculate a vector to the image center of the 
high-resolution defect image (8) (referred to below as an image 
displacement vector) mapped on this. 

As a result of the above processing, the defect position 
of the high-resolution defect image (12) becomes a position 
represented by the sum vector of the high-resolution field of 
view vector using the image center of the high-resolution defect 
image ( 12 ) as an origin and the image displacement vector . Then , 
this position is determined to be the irradiation position of 
the electron beam EB (step 1050), the electron beam EB is 
irradiated, and the composition vector of the target defect 
of composition analysis is acquired (step 121 of Fig. 6). 

As a modified example of the thirteenth embodiment shown 
in Fig. 19, a displacement vector may be used as in the second 
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embodiment shown in Fig. 7. For example, in step 120 of Fig. 

6 shown in Fig. 19, a displacement vector may be stored in the 
same manner as in step 200 of Fig. 7 and steps 1045 to 1047 
of Fig. 19 may be replaced with step 201 of Fig. 7. 

As a modified example of the thirteenth embodiment shown 
in Fig. 19, another example of a method for reduced the affect 
of quantization error and setting the irradiation position of 
the electron beam EB will be described using Fig . 6 as an example . 
This is an example where the order in which the defect image 
and the reference image are obtained is switched with the 
sequence according to Fig. 19. 

That is , the X-Y stage 7 is moved to the defect coordinates 
at the stage corresponding to step 116 in Fig. 6. In the next 
step, the low-resolution defect image (7) is acquired. Next, 
the X-Y stage 7 is moved to the proximate chip corresponding 
position with respect to the defect coordinates and the 
low-resolution reference image (6) is acquired. Next, the 
position with respect to defect presence position in the 
low- resolution reference image ( 6 ) is calculated from the images 
(6) and (7) and the high-resolution reference image (10) having 
this position as the center is acquired. Next, the X-Y stage 

7 is moved to the defect coordinates and the low-resolution 
defect image (11) is acquired. Then, the defect position is 
calculated using the low-resolution defect image (11) and the 
low-resolution reference image (6) to acquire the 



58 



high-resolution defect image (12). Th region of the defect 
of the high-resolution defect image obtained here is not limited 
to being within the field of view due to the affect of quantization 
error. Thus, the defect region is identified with the 
high-resolution defect image (12) and the high-resolution 
reference image (10), and the EB irradiation position is set 
within this defect region. Then, the electron beam EB is 
irradiated on this EB irradiation position and the composition 
spectrum of the composition analysis target defect is acquired. 

In this manner, affects resulting from quantization error 
can be eliminated even with regard to defects of a small size, 
and the electron beam EB for EDX analysis can be irradiated 
on the defect with high precision. 

The thirteenth embodiment is also applicable to the third 
and seventh embodiments shown in Figs . 8 and 12 and to the fourth 
and eighth embodiments shown in Figs. 9 and 13. 

With respect to the second embodiment shown in Fig. 7 
or the sixth embodiment shown in Fig. 11, in step 111, a 
high-resolution field of view displacement vector may be 
obtained from the high-resolution defect image (3) and the 
high-resolution reference image (5) as in step 1044 of Fig. 
19, positioning of the X-Y stage 7 may be effected in step 201, 
and thereafter a position where the high-resolution shooting 
field of view displacement vector is added to the image center 
at this time may be used as the electron beam EB irradiation 
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position in step 202. The same is tru of the sixth embodiment 
shown in Fig. 11. 

With respect to the ninth to twelfth embodiments in a 
case where there is no pattern in the background shown in Figs. 
15 to 18, the defect region may be perceived as described above 
from the high-resolution defect image, the defect position may 
be calculated from this defect region, a high-resolution field 
of view displacement vector from the image center of the 
high- resolution defect image to the defect position may be 
determined, and a position where the high- resolution field of 
view displacement vector is added to the image center may be 
used as the electron beam EB irradiation position. The 
high- resolution defect image may be acquired in Fig. 15 on the 
basis of the defect position calculated in step 1002, may be 
acquired in Fig. 16 after step 202, and the high-resolution 
defect image acquired in step 107 may be used as the 
high-resolution defect image in Figs. 17 and 18. 

Here, the identification of the irradiation position of 
the electron beam EB from the high-resolution defect image can 
be realized by binarizing the absolute value of the difference 
image, detecting the defect region, and calculating the weighted 
center point of the detected defect region. However, the 
calculation of the irradiation position of the electron beam 
EB is not limited only to this method. Another method may also 
be used as long as it is a method where the irradiation position 
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of the electron beam EB is calculated within the d £ ct region. 

At the time the defect composition spectrum is acquired 
using the electron beam whose EB conditions have been set for 
EDX analysis , the range in which information of included elements 
can be obtained (i.e. , the range in which X-rays can be obtained 
by irradiation of the electron beam: electron dispersion range) 
differs, as shown in Figs. 21A and 2 IB, depending on the 
acceleration voltage of the electron beam (i.e., when the 
acceleration voltage is high, an electron dispersion range 23 
becomes wide and deep (Fig. 21A) , and when the acceleration 
voltage is low, the electron dispersion range 23 becomes shallow 
and narrow (Fig. 21B) ) , and the spatial resolution of the 
obtained information differs . Although the spatial resolution 
is improved when the acceleration voltage is reduced, the 
irradiated energy becomes small. Thus, elements for which a 
high energy is required in order to analyze them become 
undetectable and the number of elements whose composition can 
be analyzed becomes limited. 

In a case where the defect is small or a case where the 
height of the defect is low, it is preferable to analyze elements 
under EB conditions where spatial resolution is given priority 
, because elements that become particles become undetectable when 
the spatial resolution is poor. In a case where the defect 
is large or a case where the height of the defect is high, it 
is preferable to analyze elements under EB conditions wher 
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detectable element number Is giv n priority ov r spatial 
resolution because element detection can be conducted even if 
the spatial resolution is poor. 

Thus, in the case of the first embodiment shown in Fig, 
6 and the embodiments of Figs . 10 and 15 where the first embodiment 
is modified, and in a case where the EB conditions are varied 
in accordance with the target defect of composition analysis 
in this manner, as shown in Fig. 22 as a fourteenth embodiment, 
step 115 in Fig. 6 may be replaced with step 1060 where the 
EB conditions are set to match the target defect of composition 
analysis . 

Also, in the second embodiment shown in Fig. 7 and the 
embodiments of Figs. 11 and 16 where the second embodiment is 
modified, step 115 may be replaced with step 1070 shown in Fig. 
23 . In the third embodiment shown in Fig. 8 and the embodiments 
of Figs. 12 and 17 where the third embodiment is modified, step 
302 may be replaced with step 1070 shown in Fig. 23. In the 
fourth embodiment shown in Fig. 9 and the embodiments of Figs. 
13 and 18 where the fourth embodiment is modified, step 400 
may be replaced with step 1070 shown in Fig. 23. This may serve 
as a fifteenth embodiment of the method of analyzing the 
composition of defects according to the invention. The same 
is true of the thirteenth embodiment shown in Fig. 19. 

Here, in step 1060 in Fig. 22 and step 1070 in Fig. 23, 
the irradiation conditions of the electron beam EB (i.e., EB 
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conditions) at the time of composition analysis are set in 
accordance with characteristics of the defect , such as the height 
and area of the target defect of composition analysis, and the 
defect classification result . In this case , sometimes the field 
of view shifts in accompaniment with changes in the EB conditions , 
and in this case, processing for correcting the irradiation 
position of the electron beam EB using the af orementionedmethods 
may be added. 

Also, here, the irradiation frequency of the electron 
beam EB may be added to the EB conditions, and the same defect 
may be irradiated multiple times with electron beams EB having 
different acceleration voltages to acquire spectrum data. In 
this case, with respect to a defect determined to be "embedded" , 
it is conceivable for the composition spectrum of the film to 
be included in the obtained composition spectrum. However, 
using the aforementioned method, for example, taking the 
difference between a spectrum obtained under a condition in 
which the acceleration voltage of the electron beam EB is high 
and a spectrum obtained under a condition in which the 
acceleration voltage of the electron beam EB is low, it can 
be judged that the potential for an element whose signal 
intensity is larger in the latter than in the former to be an 
element included in the defect is high. 

As for the setting method of the EB conditions, in a case 
where characteristics taking continuous values such as the area 
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and height of the target defect of composition analysis are 
used as a condition changing standard, EB conditions 
corresponding to those characteristics may be set , as shown 
in Figs. 24Aand24B. Fig. 2 4A shows an example where the relation 
between the characteristics and the EB conditions is expressed 
as a continuous function, and Fig. 24B shows an example where 
the characteristics are grouped into predetermined ranges and 
constant EB conditions that are mutually different per group 
are taken. Here, an example is shown where defect height is 
used as the characteristics of the target defect of composition 
analysis and the acceleration voltage of the electron beam is 
used as the EB condition. However, the combination of the 
characteristic of the target defect of composition analysis 
and the EB condition is not limited to this. 

When the EB conditions are changed by non-continuous 
characteristics , such as the classification result of the target 
defect of composition analysis or the determination of "on the 
surface" or "embedded", a table may be created where the EB 
conditions are made to correspond to the respective 
characteristics of the target defect of composition analysis. 

Fig. 25 is a diagram showing a specific example of a GUI 
(Graphical User Interface) for setting these conditions. 24 
is a condition setting screen, 25 is a defect characteristic 
selection list for selecting charact ristics of the target 
defect of composition analysis serving as the target for 
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condition setting, and 26 is an input box of EB conditions with 
respect to the characteristic selected in the list 25. 

In Fig. 25, the defect characteristic selection list 25, 
in which characteristics such as the classification result 
obtained by the review processing in each of the preceding 
embodiments and the size and height of the defect are selectably 
arranged as characteristics of the target defect of composition 
analysis, is displayed in the EB condition setting screen 24. 
When a predetermined characteristic (e.g., "height") is 
selected from the defect characteristic selection list 25, the 
input box 26 of the EB irradiation conditions relating to the 
"height" characteristic is displayed. 

In the input box 26, the target defect of composition 
analysis can be designated by registering the height thereof, 
and the acceleration voltage of the electron beam EB irradiated 
in this case , the probe current and the elapse time of irradiation 
can also be designated. When input of each heading is conducted 
and registered in the input box 26, the EB conditions 
corresponding to the height of the target defect of composition 
analysis are set (i.e., step 1060 in Fig. 22 and (step) 1070 
in Fig. 23), and when a cancel operation is conducted in the 
input box 26, the input headings are canceled in the reverse 
order of the input order . Thus , correction of the input headings 
becomes possible. 

Also, in a case where the surface film of the chip is 
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optically transparent, the depth within the surface film where 
the target defect of composition analysis is present may be 
used as a characteristic to determine the EB conditions . With 
respect to this numerical value, for example, as shown in Fig. 
26 , a depth position where a focal point matches a target defect 
27 of composition analysis noted within a surface film 28 with 
an optical microscope is searched, and a depth d as far as the 
position of the target defect 27 of composition analysis is 
determined. As shown in Figs. 27A and 27B, by determining the 
acceleration voltage of the electron beam EB in accordance with 
this depth d, the information of the defect can be reliably 
obtained. Here, Fig. 27A shows a case where the depth d as 
far as the position of the target defect 27 of composition 
analysis is shallow. In this case, the acceleration voltage 
of the electron beam EB is lowered and an electron dispersion 
region 23 is made shallow. In a case where the depth d as far 
as the position of the target defect 27 of composition analysis 
is deep, as shown in Fig. 27B, the acceleration voltage of the 
electron beam EB is raised and the electron dispersion region 
23 is made deep. 

At the time of composition analysis of the defect, the 
larger the region in which information relating to elements 
configuring the target defect of composition analysis can be 
obtained is, i. . , the larger the volume of the portion of the 
target defect of composition analysis included in the electron 



66 



dispersion region is, information of elements included in the 
defect can be detected with high sensitivity. Figs. 28A and 
28B are diagrams showing an example of the target defect of 
composition analysis. Fig. 28A is a top view and Fig. 28B is 
a longitudinal cross -sectional view along a sectional line A- A' 
of Fig. 28A. In this example, a defect where the height is 
uneven is shown. 

With respect to the target defect 27 of composition 
analysis , as shown in Fig. 28B, in a case where the EB conditions 
are the same, as shown by (A), when the electron beam EB is 
irradiated on the low region of the height of the target defect 
27 of composition analysis, a portion outside the portion of 
the target defect 27 of composition analysis becomes included 
in an electron dispersion region 23b, and a spectrum resulting 
from this portion also becomes included in the detected 
composition spectrum. With respect to this, as shown in (B) , 
in a case where the electron beam EB is irradiated on the portion 
where the height of the target defect 27 of composition analysis 
is high, only the portion of the defect 27 is included in an 
electron dispersion region 23a, and a composition spectrum 
resulting from only the target defect 27 of composition analysis 
is obtained. Thus , with respect to the defect 27 that is uneven 
in this manner, it is more preferable to irradiate the electron 
beam EB on the high portion of the target defect 27 of composition 
analysis shown by (B) than to irradiate the electron beam EB 
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on the low portion of the target defect 27 of composition analysis 
shown by (A) . 

Thus, in the high-resolution defect image, the 
three-dimensional shape of the target defect of composition 
analysis is calculated and the vicinity of the highest point 
thereof is used as the irradiation position of the electron 
beam EB. For this purpose, for example, at the time of the 
calculation of the high- resolution field of view displacement 
vector in step 1044 of Fig. 19 shown in Fig. 20, the position 
within the region of the target defect of composition analysis 
is used as the vicinity of the highest point and the 
high-resolution field of view displacement vector is determined 
with respect to this position . Thus , in the electron dispersion 
region, the volumetric ratio that the region of the core of 
the target defect 27 of composition analysis occupies increases 
and detection sensitivity of elements included in this core 
can be improved. 

In a case where the target defect of composition analysis 
is generated during a thin film deposition process, the surface 
of the defect becomes covered by elements configuring the thin 
film. Even in such as case as this, because the irradiated 
electrons are dispersed in the thin film, it is possible to 
detect information relating to elements configuring the defect 
in the thin film with the mode of the spectrum. As described 
previously in Figs. 21A and 21B, the size of the electron 
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dispersion region of the electron beam EB set for EDX analysis 
differs depending on the acceleration voltage of the electron 
beam EB. However, even if the acceleration voltage of the 
electron beam EB is the same, as shown in Figs. 29A and 29B, 
the size of the electron dispersion region differs in accordance 
with the material irradiated by the electron beam EB. Fig. 
29A shows the electron dispersion region 23 of a case where 
the electron beam EB is irradiated on Si0 2 , and Fig. 29B shows 
the electron dispersion region 23 of a case where the electron 
beam EB is irradiated on W under the same conditions as Fig. 
29A, and the electron dispersion region 23 becomes smaller in 
the case where the electron beam EB is irradiated on W. 

During a step of forming a certain thin film, in a case 
where it is understood that a defect has arisen in this step 
by comparing inspection data before and after the formation, 
at the time EDX analysis is conducted with respect to the defect 
within the thin film, it is preferable to set the irradiation 
conditions of the electron beam EB so that at least the electron 
dispersion region is dispersed in a range corresponding to the 
thickness of the thin film. Thus, the irradiation conditions 
of the electron beam EB may be set in accordance with the film 
material and film thickness of the thin film so that the electron 
dispersion region of the electron beam EB falls within this 
range . 

At this time, when the numerical value of the acceleration 
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voltage or the like of the electron beam EB is used as a setting 
heading of the user, the user himself /herself must examine the 
adequate acceleration voltage or the like each time processing 
conditions are changed, and the burden on the user increases. 

Thus, items including at least the composition and film 
thickness of the thin film are used as input condition for setting 
the acceleration voltage, and the numerical value of the 
acceleration voltage and the like is not used as a direct input 
item, to create a configuration for implementing separate 
conversion . A specific example of the GUI of conditions setting 
(EB conditions setting screen) is shown in Fig. 30. 

In Fig. 30, in the EB conditions setting screen 29, the 
user inputs the step name serving as the analysis target and 
the material and thickness of the film corresponding to this. 
By operating a reference button 30a, the user can reference 
step names registered in advance in a server . Also , by operating 
a reference button 30b, the periodic table of the elements is 
displayed, and the user can input the corresponding element 
by clicking that element. At this time, plural elements and 
their respective component ratios can be inputted so that 
compounds can also be inputted. 

As the EB conditions corresponding to the composition 
of the film and the thickness of the film, the numerical valu 
of the acceleration voltage can be determined using , f or example , 
the following method. First, the thickness of a thin film is 
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varied on Si in a thin film step used in the production of 
semiconductors, plural samples are created, whether or not Si 
is detected in each sample is used as a determination standard, 
acceleration voltage conditions adequate for each film 
thickness are experimentally determined, and, on the basis of 
the experimental data, acceleration voltage conditions 
adequate for other film thicknesses other than the samples are 
analogized using an appropriate statistical method such as least 
mean square approximation. 

Alternatively, simulation may be conducted for each of 
plural acceleration voltage conditions using a simulator such 
as a Monte Carlo simulator, and an acceleration voltage that 
becomes equal to the film thickness where the dispersion region 
( electron dispersion region ) of the electron beam EB is inputted 
may be automatically selected. 

The user may register the information of the film material 
and film thickness as a recipe, or a construction device may 
be specified from a processing history of semiconductor wafers 
and a processing recipe may be read from the construction device . 
In this case, the recipe is not the film thickness itself, but 
in a case where it is described with a processing time, the 
relation between the film thickness and the processing time 
may be acquired in advance and converted to the film thickness 
from the recipe data. Alternatively, sp cification data of 
each step may be registered in a server and the specification 
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may be acquired . The registering server may be the data managing 
server 16 shown in Figs. 2 and 3, or, even if it is a separate 
unillus trated server , the information can be shared via a network 
or a storage device such as a floppy disk. 

In a case where the EB conditions are changed, sometimes 
it takes time for the output of the electron beam EB to become 
stable under the new EB conditions . The embodiments shown in 
Figs. 22 and 23 form an example thereof, but in a case where 
the EB conditions are changed in accordance with the 
characteristics of the target defect of composition analysis, 
time for the output of the electron beam EB to be stabilized 
is necessary each time the EB conditions are changed. For this 
reason, defects for which the EB conditions are the same may 
be grouped in the same group and composition analysis may be 
conducted under the EB conditions corresponding to each group. 

Fig. 31 is a flow chart showing the composition analysis 
operation portion of a fifteenth embodiment of the method of 
analyzing the composition of defects according to the invention 
using this sequence. 

The review operation portion of the fifteenth embodiment 
is the same as that of the first embodiment shown in Fig. 6, 
and after the review operation of steps 100 to 112 of Fig. 6 
hav been conducted, the composition analysis operation from 
step 114 shown in Fig. 31 is conducted, but here the series 
of review operations is omitted. 
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In Fig. 31, when the review operation ends and the selection 
of the defect to become the composition analysis target ends 
( step 114 ) , first , the EB conditions are calculated as described 
above for each target defect of composition analysis ( step 1080 ) . 
Then, all target defects of composition analysis are grouped 
so that defects of the same EB conditions are grouped into the 
same groups (step 1081). 

Then, one optional group is selected to serve as a 
composition analysis target group, the EB conditions are set 
to EB conditions corresponding to this composition analysis 
target group (step 1082), the operations of steps 116 to 121 
of Fig. 6 are conducted with respect tone of the defects of 
the composition analysis target group, and a composition 
spectrum is obtained. In this manner, when the composition 
analysis operation of this defect ends, in a case where there 
are unanalyzed defects in the same composition analysis target 
group ( step 1083 ) , the next target defect of composition analysis 
is determined (step 1084), and the composition analysis 
operation is conducted with respect to this target defect of 
composition analysis (steps 116 to 121). 

In this manner, the analysis operation is conducted under 
the same EB conditions with respect to the defects of the 
composition analysis target group and a composition spectrum 
is acquired for each , and when the composition analysis operation 
with respect to all defects of the composition analysis target 
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group ends (step 1083) , a next group is used as the composition 
analysis target group (steps 1085 and 1086), the EB conditions 
corresponding to this composition analysis target group are 
set (step 1082) with respect to each defect of this composition 
analysis target group, the composition analysis operation is 
conducted, and composition spectrums are obtained. 

In this manner, the EB conditions corresponding to each 
are set (step 1082) with respect to all of the groups and 
composition spectrums are obtained with respect to all target 
defects of composition analysis. 

In this manner, the frequency with which the EB conditions 
are changed can be minimized, the time necessary for 
stabilization of the output of the electron beam EB accompanying 
changes in the EB conditions can be minimized, and a higher 
throughput can be realized. 

With respect to the second embodiment shown in Fig. 7 
also, from step 115 on can be replaced with the series of 
operations from step 1080 shown in Fig. 31, whereby the same 
effects can be obtained. However, in this case, steps 116 to 
121 in Fig. 31 become the series of operations of steps 201, 
202 and 121 in Fig. 7. 

Also, in the fifteenth embodiment shown in Fig. 31, the 
order of defects whose composition is to be analyzed may be 
changed so that the moving amount of the X-Y stage 7 for each 
group is minimized. For example, of the same composition 
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analysis target group, the defect closest to th semiconductor 
wafer may be used as the first defect in the group to be 
compositionally analyzed, and when the composition analysis 
of the target defect of composition analysis ends, the defect 
closest in distance to this defect may be the next target defect 
of composition analysis. The order of composition analysis 
may be configured so that the next target defect of composition 
analysis is determined after the composition analysis of the 
first defect ends. However, the next target defect of 
composition analysis may also be determined before the 
composition analysis of the first defect is conducted. 
Alternatively, the order of composition analysis processing 
may be determined with respect to all defects in the composition 
analysis target groups before the composition analysis of the 
first composition analysis target group is conducted. By 
determining the order of the defects to be compositionally 
analyzed in this manner, the movement amount of the X-Y stage 
7 can be reduced and throughput can be improved. 

It should be noted that , although the method of composition 
analysis in each of the above-described embodiments used EDX, 
the present invention is not limited thereto. Any method can 
be used as long as composition analysis can be conducted by 
irradiating an energy beam also including beams other than 
electron beams such as light beams. 

As described above, according to the invention, after 
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the stage has been moved to the defect position, the irradiation 
position of the electron beam for composition analysis is 
identified using the acquired image and the electron beam is 
slanted and irradiated on this irradiation position, so that 
highly precise and highly efficient positioning of the 
irradiation position of the electron beam can be realized. 

Also, because the irradiation conditions of the electron 
beam can be changed in accordance with characteristics of the 
defect, highly sensitive composition analysis can be realized. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof . The present embodiments are therefore to be considered 
in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather 
than by the foregoing description and all changes which come 
within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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